Objective. Occupational/mental stressors, which may be evaluated with measurements of salivary cortisol concentrations, affect the endothelial function and has implications on cardiovascular health. Nitric oxide (NO) is known to have an important role in cardiac function and may also be assessed in the saliva, but its participation in physiological responses to hypothalamic-pituitaryadrenal (HPA) axis stimulation is still not completely understood. The aim of the present study was to test the hypothesis that salivary NO (as nitrite) and cortisol concentrations in school teachers vary throughout the academic year.
Studies have shown that stress in the work environment has become a public health problem (Chou et al. 2016) . Although the activation of the autonomic nervous system and hypothalamic-pituitary-adrenal (HPA) axis maintains body stability by secreting stress hormones (McEwen 2007) , the exposure to occupational stress factors over time can lead to harmful implications to health (Theorell et al. 2015 (Theorell et al. , 2016 .
In humans, cortisol is the primary hormonal product secreted upon activation of the HPA axis (Miller and O´Callaghan 2002) . Although it is traditionally quantified in the blood, cortisol measured in saliva samples has gained many adepts due to its high correlation with total plasma cortisol and the practicality in obtaining saliva samples (Maidana et al. 2013 ). However, specialized equipment is needed for cor-tisol quantification, therefore the analysis of saliva samples must be done in a laboratory (Levine et al. 2007; Inder et al. 2012) .
The cardiovascular system is profoundly affected by different types of stressors (Franco et al. 2003) . Nitric oxide (NO) is an endogenous gaseous molecule with important cardiovascular repercussions. NO is synthesized by an endothelium-specific NO synthase (eNOS) isoform, which is involved in blood pressure regulation and vascular function (Farah et al. 2018) .
Studies in cultured cells or animal models have demonstrated that cortisol is able to decrease endothelial NO production by decreasing gene transcription of the eNOS isoform (Duckles and Miller 2010) . As NO can be metabolized to nitrite and nitrate, these species represent a chemically stable pool of readily available NO (Donald et al. 2015) . Importantly, these metabolites can be easily measured in serum or plasma by a colorimetric assay based on the Griess reaction (Tsikas 2005 (Tsikas , 2007 .
Concerning NO participation in stress in humans, studies have mainly focused on its effects on acute mental stress. Some studies show that activation of the HPA axis downregulates eNOS expression and activity, evoking a vasoconstriction response and low levels of NO in the plasma (Toda and NakanishiToda 2011) . In contrast, increased plasma NO metabolites have been found in suicide attempters (Lee et al. 2006) .
Additionally, studies about the participation of NO in chronic stress in humans have been limited mainly due to ethical concerns (Puzserova and Bernatova 2005) . Regarding salivary NO, there are still few studies correlating salivary NO to stress. Gammoh et al. (2016a) found higher levels of salivary NO in refugees with anxiety and stress when compared with local individuals. In these studies, the production of NO was measured with a nitrate/nitrite colorimetric assay. On the other hand, the measurement of salivary NO levels with easily handled commercial kits would allow a rapid diagnosis of day-to-day stress, allowing a more adequate intervention.
Recently, some brands of patent-pending salivary NO test strips have become available in the market, including Nitric Oxide Test Strips (Berkeley Test LLC, Sacramento, CA, USA) and Nitric Oxide Indicator Strips (Neogenis, Austin, TX, USA). These strips measure salivary nitrite, which has been pointed out as a measure of the released endothelial NO and are recommended for monitoring cardiovascular health.
Since teaching is considered a stressful occupation (Agai-Demjaha et al. 2015; Silva and Guillo 2015) , the aim of the present study was to test the hypothesis that salivary nitrite and cortisol concentrations in school teachers may vary throughout the academic year.
Materials and Methods
Subjects (participants). Thirteen male teachers teaching for at least one year were recruited from five public primary/secondary schools in the city of Jatai (Goiás, Brazil). According to the Department of Education of the State of Goiás, the total number of public primary/secondary schools in the city of Jatai is eight, and the total number of male teachers is 39. Teachers who continuously used alcohol, cigarettes, antidepressants, or who had been diagnosed with a chronic disease were excluded, as were those who had been exposed to any stressful factors (e.g. death or disease in the family) in the month before the collection period. The research activities were initiated only after approval of the study protocol by the Research Ethics Committee at the Federal University of Goias, under the number 609.308/2014.
Study design. The academic year in Brazil starts in early February and ends in mid-December. There is a 1-month break in July (winter school recess), and the summer vacation lasts from mid-December to the end of January.
Saliva samples were collected by the participants in three specific periods during the academic year: 1) third week of March (soon after the examination period, MAR); 2) last week of the break (JUL); 3) last week of the academic year (at the end of the school year, DEC). The participants collected the samples in each specified period during a normal working day, between waking up and the end of the day: 1) approximately 30-40 min after waking up, i.e. between 6:00 and 7:00 a.m.; 2) before lunch, between 11:00 a.m. and 12:00 p.m.; and 3) in the afternoon, between 5:00 and 6:00 p.m. Before lunch and in the afternoon, samples were collected at the school, with the exception of July, when all samples were collected by the participants themselves in their homes. In order to prevent the participants from forgetting to collect the samples, or from incorrectly handling them, they received on the day before the collection three individually packaged kits, wherein the principal investigator detailed instructions and clarified any possible questions.
The kit comprised a polypropylene collection tube (2 ml) and a device (Saliva Collection Aid, Salimetrics, PA, USA) to guide the saliva effectively to the collection tube. We asked the participants to avoid drinks, food or any oral hygiene products with cream for 1 h prior to sample collection. The participants were asked to rinse their oral cavity with non-sparkling mineral water, and salivation was not stimulated. After collection, the tube should remain refrigerated until delivery to the principal investigator, who stored the samples at -20 °C until analysis in the laboratory.
Determination of salivary cortisol. Salivary cortisol levels were measured by enzyme immunoassay (EIA) with the High Sensitivity Salivary Cortisol EIA kit (Salimetrics, State College, PA, USA), following the manufacturer's protocol. An aliquot of 25 µl of undiluted saliva was analyzed. The coefficients of intraassay and interassay variation were lower than 7% and 11%, respectively, with the minimum detected concentration as 0.007 µg/dl. The standard solutions, internal controls, and salivary samples were analyzed in duplicate.
Since the measurement of cortisol production throughout the day provides more stable values (Ross et al. 2014) , the salivary cortisol levels were calculated using the area under the curve with respect to ground (AUC), which is considered to be a measurement related to the production of the hormone or, in other words, an overall cortisol response measurement (Fekedulegn et al. 2007 ). The time interval (in hours) in which the collections were made (6:00 a.m. to 5:00 p.m.) was used to calculate the AUC, using the trapezoidal rule (Pruessner et al. 2003) .
Indirect determination of salivary nitric oxide. Salivary NO concentration was measured indirectly by quantifying the stable end product of NO, nitrite. A colorimetric assay kit (Molecular Probes, Eugene, OR, USA) based on the Griess reaction (Green et al. 1982) , was used according to the manufacturer's instructions. Saliva samples (150 µl) in duplicate were mixed with 20 µl of freshly prepared Griess reagent (1 volume of 1% [w/v] sulfanilamide in 5% phosphoric acid and 1 volume of 0.1% [w/v] N-(1-naphthyl) ethylenediamine dihydrochloride, provided by the kit) and 130 µl of distilled water in a 96-well microplate. The mixture was left at room temperature for 30 min. The absorbance of the purple colored chromophore was measured at 540 nm in a microplate reader ELx800 (Biotek, Winooski, VT, USA). Nitrite concentrations were calculated from a standard curve constructed using the sodium nitrite stock solution provided with the kit.
Statistical analysis. The data were analyzed using GraphPad Prism, version 5.00 for Windows (GraphPad Software, La Jolla, CA, USA) and Microsoft Office Excel, version 2010. Raw values of continuous variables were first tested for normality using D'Agostino-Pearson omnibus normality test and were log transformed due to skewed distribution. For comparison of the measurements between the periods of the school year, the parametric one-way repeated measures analysis of variance (ANOVA) was carried out and differences were considered statistically significant at p<0.05.
We also assessed the salivary nitrite and salivary cortisol values throughout the day by calculating the AUC. Due to a non-normal distribution, AUC values were log transformed. In the AUC calculations, the values for the times in the morning and before lunch were added, multiplied by 5, and divided by 2 (trapezoidal rule). Also, the times before lunch and afternoon were added, multiplied by 6 and divided by 2. Thus, the presented AUC values represent the production of cortisol over 11 hours.
The correlation of the salivary cortisol levels with salivary nitrite levels was assessed using Pearson's correlation coefficient (r). The size of correlation coefficient was interpreted according Mukaka (2012) . The correlation values were 0.00 to 0.30 (negligible); 0.30 to 0.50 (low); 0.50 to 0.70 (moderate); 0.70 to 0.90 (high) and 0.90 to 1.0 (very high).
Results
The mean age of the participants was 32±8 years (minimum 23 years and maximum 50 years). Taking into account that the population size of teachers in the city is 39, the population sampled (13) was estimate having a confidence interval of 17% and confidence level of 90%.
The data related to salivary cortisol and nitrite values at different times of the day, in each period of the year, are shown in Tables 1 and 2 , respectively.
As shown in Table 1 , the daily values of salivary cortisol were significantly higher in the waking hours, decreasing at other times of the day, indicating that free cortisol measured in saliva had the same known circadian secretory pattern as cortisol measured in the serum (p<0.05) for the months of March and December. However, for the month of July (school recess) only the measurements between the 6:30 a.m. and the 11:30 a.m. collection showed a significant difference.
As cortisol levels vary according to the circadian rhythm, the secretion throughout the day is simpler to interpret when longitudinal assessments are analyzed. Due to that, daily cortisol production was assessed with the AUC. No difference was observed between the periods of the year for salivary cortisol levels (p=0.25).
The concentrations of salivary nitrite are shown in Table 2 . Although the levels at 5:30 p.m. were slightly elevated in relation to those at 6:30 a.m. or 11.30 a.m.
The results showed that salivary cortisol levels correlate positively with salivary nitrite concentrations. In addition, teachers' cortisol concentrations throughout the day did not differ significantly when 3 months of the school year were compared with each other. Although one would expect a lower value of cortisol during July vacation compared with work months, this was not observed in the present study. Also, due to school recess, during the month of July, the participants themselves collected the samples in their homes, which may justify the absence of the classic profile of cortisol secretion. However, the cortisol concentration of the participants was in agreement with reference values for both men and age (Aardal and Holm 1995) , regardless of daily stressful situations related to teaching. for all periods, the differences were not statistically significant (p=0.91). Also, no difference in salivary nitrite concentrations throughout the year (p=0.79) was observed. The correlation between salivary nitrite and cortisol levels for all three periods of the academic year are presented in Figure 1 . For this analysis, the AUC values were log transformed, and a significantly low positive correlation was observed (Pearson´s correlation coefficient r=0.3455; p=0.0336).
Discussion
This is the first longitudinal study describing a correlation between salivary cortisol and nitrite levels in teachers during daily work routine.
We might hypothesize that the teachers participating in the study presented physiological adaptations to occupational stressors throughout the academic year. Due to a positive correlation between salivary cortisol and nitrite, NO production may be beneficial biologically, as suggested by Al-Ayadhi (2005) . This author found that during final examinations, students not only display increased levels of plasma cortisol compared with baseline, but also increased levels of plasma adrenomedullin and NO as a protective mechanism.
Nitric oxide has been implicated in several stressrelated diseases (Esch et al. 2002) . However, the participation of NO in mental stress and/or anxiety has not been well established until now. Some authors have found no correlation between salivary nitrate and daily psychological stress (Gammoh et al. 2016b) , although the correlation between salivary nitrite and cortisol has not been reported to date.
Future studies are needed to confirm the relationship between NO and salivary cortisol in a larger population. Also, studies show that men and women display different stress responses, in which women are twice as likely to have a stress disorder than men (Areias and Guimaraes 2004; Bangasser and Valentino 2012) , indicating a need for research on stress associated with sexual differences. As differences in stress response between men and women become more clear (Jezova et al. 1996; Hlavacova et al. 2017) , the results presented in this study remain must also be verified in female teachers.
If the correlation found in this study was confirmed in studies with a larger sample size, it would be interesting to use commercial strips for individual measurement of salivary nitrite levels. This would enable personal monitoring of cardiovascular health and occupational/mental stress level, with important implications for an individual's quality of life. There was a positive and significant correlation between cortisol secretion in the saliva and salivary nitrite concentrations throughout the day in male teachers over three periods of an academic year (r=0.3455, p<0.05).
